The complex, phylogenetically diverse, and specific microbial communities associated with marine sponges are a key aspect of the ecology and evolution of the metazoan host and the endosymbiotic microbes. Using fluorescence in situ hybridization (FISH) methods, terminal restriction fragment length polymorphism (T RFLP), and functional gene probing via PCR, the current study investigates the microbial associations in the common Caribbean fire sponge, Tedania ignis. Sponge and water samples were collected from different sites around Bermuda from 2012 to 2014 in order to assess their respective microbial communities. Using FISH, SAR202 (Chloroflexi) (5.82% ± 0.59%) and Crenarchaea (7.97% ± 1.08%) were identified as the most abundant contributors to the microbial assemblage of T. ignis while the Alphaproteobacterium SAR11 (30.68% ± 1.68%) was identified as the most dominant species in the surrounding seawater. Due to the presence of Crenarchaea, the Archaeal gene for ammonia oxidation (amoA) was probed via PCR and found to be present. T RFLP identified the most abundant fragment length present in the sponge as 336 bp (>60% of T RFLP peak abundance). The sponge community was consistent and markedly distinct from that of the ambient seawater as identified by both FISH and T RFLP. Epifluorescent microscopy with DAPI staining also identified T. ignis as a high microbial abundance (HMA) sponge, in contrast to previous studies. Together, these data characterize the microbiome of T. ignis in much further detail than has previously been described.
239 We used the probe Cren537 to enumerate the Thaumarchaeota in this study. The probe was designed to 240 detect sequences of environmental Crenarchaea, specifically Marine Group I. Recently, the 241 Thaumarchaeota (i.e. ammonia-oxidizing Archaea) have been recognized as their own phylum distinct 242 from the Crenarchaea (Brochier-Armanet et al. 2008 ).
243 244 The majority of the microbial community within the sponge tissue remained unidentified, with the 245 unprobed component making up 76.12% ± 2.35% of the microbial community (Fig. 2a) . Thaumarchaea 246 were the most abundant microbe identified with cell abundance averaging 1.48 x 10 8 ± 2.97 x 10 7 cells 247 ml -1 contributing to 7.97% ± 1.08% of the microbial community in the sponge tissue. SAR202 was the 248 most abundant bacteria identified with cell abundances averaging 1.25 x 10 8 ± 2.48 x 10 7 cells ml -1 249 contributing to 5.82% ± 0.59% of the total microbial community in the sponge tissue.
251
The SAR11 clade dominated the seawater samples (Fig. 2b) . SAR11 cell abundance averaged 1.94 x 252 10 5 ± 2.65 x 10 4 cells ml -1 , contributing to 30.68% ± 1.68% of the microbial community in the seawater 253 samples. The majority of the seawater community was identified with an average of 2.10x 10 5 ± 2.96 x 254 10 4 cells ml -1 remaining unidentified. Reproducibility between sponge tissue and seawater samples was 255 strong. 256 257 PERMANOVA using distance matrices was determined for sample type (r=0.646; p=0.01) and sample 258 site (r=0.442; p=0.16). Thus, sample type explains 42% of the variance in the FISH data while sample 259 site only explains 19% of the variance in the FISH data. ANOSIM was also determined for sample type 260 (r=0.714; p=0.001) and sample site (r=0.055; p=0.19). Thus, sample type explains 52% of the variance 261 in the FISH data while sample site is not a significant factor. Both analyses were performed using the R 262 package vegan ).
263
264 At the conclusion of the study, a Gammaproteobacteria probe, GAM42a, was used in an attempt to 265 268 Bacterial community structure as determined by T RFLP 269 On average, the bacterial community in the sponge had a Shannon Weiner index of diversity averaging 270 1.36 ± 0.10, which was not statistically different from the surrounding seawater. In the sponge samples, 271 fragment length 336 was most prevalent, making up 60.73% ± 1.63% on average (Fig. 4a) . This 272 fragment length has not yet been associated with any specific bacterial groups. It is also worth noting 273 that SAR202 sequences made up only 1.64% ± 1.48% of the bacterial sequences identified in the 274 sponges, and were not identified in the 2014 sponges, which is in contrast to the FISH data. 275 276 SAR11 was the most abundant member of the water community, with its known sequences 277 representing just over a quarter of the bacterial assemblage on average, which corresponds with the 278 FISH data. Known Gammaproteobacteria were also significant members, contributing 26.38% ± 279 2.34% (Fig. S1 ). 286 PERMANOVA using distance matrices was determined for sample type (r=0.809; p=0.01) and sample 287 site (r=0.331; p=0.72). Thus, sample type explains 65% of the variance in the T RFLP data while 288 sample site is not a significant factor. Analysis of similarities (ANOSIM) was also determined for 289 sample type (r=0.928; p=0.001) and sample site (r=0.019; p=0.339). Thus, sample type explains 86% 290 of the variance in the T RFLP data while sample site is not a significant factor. Both analyses were 291 performed using the vegan package in R ).
292 293 Additionally, Bray-Curtis similarity indices and NMDS analyses further support the marked difference 294 between both sponge and water for both the FISH and T RFLP data (Fig. 5 ).
295 296 Ammonia concentrations in T. ignis 297 In 2014, seawater from within T. ignis had ~10x more ammonia (2-4 mg/l) than the ambient seawater 298 (0.25 mg/l). Sponges were transported to the lab in ambient seawater, and this sponge associated 299 seawater contained ~ 1 mg/L ammonia, 4x higher than normal seawater. 300 301 AmoA presence 302 The amoA gene was successfully amplified via PCR. The resulting 500 bp amplicon was observed in 303 all the DNA extracted from the microbial community sampled from the sponge tissue. In addition, a 304 300 bp amplicon was consistently observed in all the DNA extracted from the microbial community 305 345 TRFLP analysis was specific to marine bacteria while FISH analysis included both bacteria and 346 Archaea. The percent contributions of the bacterial species determined by FISH were adjusted 347 accordingly (Fig. 6a&b) .
348
349 The sponge associated bacteria were dominated by fragment length 336 using the TRFLP analysis. 350 This fragment length has yet to be identified to a specific bacterial taxon. With the sponge associated 351 bacteria dominated by the unprobed fraction using FISH, this suggests that the bacterial taxon 352 associated with fragment length 336 is unknown. In terms of the microbes identified using FISH, 353 SAR202 contributed 6.60% ± 0.84% to the bacterial community, whereas the T RFLP results indicated 354 little to none present. SAR202 is a clade of bacteria, and in this study, the fragment lengths of 155 and 355 258 bp were used to identify these diverse Chloroflexi. It is possible that there are some clades of 356 SAR202 specific to sponges that have yet to be identified. Thusly, their resulting T RFLP fragment 357 lengths have yet to be associated with the SAR202 clade. 375 This study has shown high levels of ammonia, the presence of Thaumarchaeota, and the amoA gene 376 within the sponge tissue. Thus, ammonia oxidation is a possibility within T. ignis. There were two 377 amplicons associated with the amoA gene PCR: the expected 500 bp product and an additional 300 bp 378 product. A previous study using the same primer pair found the same sized product from a sediment 379 sample in an Australian estuary (Abell et al. 2010 ). Though perhaps not originally intended for 
